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The control of flexible structures is a research topic of high interest and importance in developing 
future spacecraft, particularly very large or very rapidly maneuvered craft. It is an interdisciplinary 
Droblem that involves combining advanced structural dynamics analysis and identification techniques with 
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THE CONTROL OF FLEXIBLE STRUCTURES (COFS) PROGRAM 
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CONTROL OF FLEXIBLE STRUCTURES PROGRAM 

COFS III 

, — v Multi-Body Dynamics 

COFS I I & Control 




CONTROL OF FLEXIBLE STRUCTURES - COFS I TECHNOLOGY GOALS 
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COFS I (MAST) FLIGHT SYSTEM 
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COFS I (MAST) FLIGHT SYSTEM 
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MAST FLIGHT SYSTEM SIMULATOR (MFSS) 
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MAST FLIGHT SYSTEM SIMULATOR (MFSS) 
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MAST GROUND TEST CHALLENGES STATE OF THE ART 
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MAST GROUND TEST CHALLENGES STATE OF ART 
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20M LABORATORY BEAM (MINI-MAST) 


o 

H 

03 

c 

h3 


CO 

• 

s 

HH 

£ 

< 

H 


03 

H 

h-H 

W 

Oh 

c 

03 

O 

SfS 

<j 

9g 

^ 03 

si 

Oh O 

Wj 
Q Oh 


03 

O 

C 

Oh 

CO 

O 

03 

03 

< 

o 

03 

H 

co 

< 

!h 

03 

H 

i-3 

h-H 

& 

03 

O 

£ 

t-H 

03 

PQ 


Oh 

O 

H 

£ 

03 

s 

Oh 

o 

>8 

^ H 

£cq 

Sh 

3<*a 

03_^ 

035 

0h QcJ 

03 H 
O g 
Oh O 

o° 

W OT 

§M 

H J 
OQ <! 
OZ 


42 


w 

£ 

o 

w 

g 

CO 

>H 

o 

o 

d 

SB 

g 

W 

H 

CO 

O 

ce 

H 

2 

o 

o 


CO 

u 

M 

2C 

< 

s 

Q 

£ 

< 

W 

CQ 


CO 

Dm 

8 


0) 

CQ 

03 

• 

CQ 

03 


<H 

< 

X3 

V 

rH 

£2 


3 



03 

O 

fd 


*o 


rH 

4-> 

V 

CQ 

• 

03 

• 

03 

*H 

cd 

rH 

4-3 

C 

03 

P 

x: 

X 

rH 

•H 


o 

x: 

b0 

o 

x> 

> 

V 

C3 

P 

•H 

CQ 

cd 


cd 



r — 1 


rH 

CQ 

03 

03 

c 

V 

CQ 

•H 

4-3 

>> rH 

o 


•H 

cd 

CQ 


a 


p 

x: 

> 

03 

03 

£ 

■O 

(Q 

H 

cd 

4-3 

c 

•H 

03 

X 




o 

CQ 

P 

•H 


<Q 

i 



CQ 

V 

• 

03 

r^ 

rn 


>> 

03 


v X> 

E 

U/ 

O 

f — 1 

P 

03 

oo 

O 

T3 

rH 

03 


x; 

ON 

C3 

O 

«H 

> 

03 

p 

T~ 

03 

E 

O 

•H 

X> 



JQ 


Vi 

4-3 


£ 

>> 


TO 


cd 

O 

O 

cd 

03 

c 

O 

r — 1 

4-3 

V 

2 

rH 

3 

4-3 

03 


V 


3 

o 


V 

CQ 


V 

T3 

r 

*o 


c— ■ 

*o 

o 

03 


c 

X 

B 

03 


X 

bO 

o 

4-3 

X2 
■ \ 

c 


CQ 

Cd 


CQ 


P P 
- X 
V bQ CD 
•-» V 
03 
XJ 
5 


bO 

O 

V 

Ou 


V 

<D 


a 

<d 

CQ 

03 

x: 

p 


£ -h 


CO 

Dm 

o 

o 

a> 

x: 

P 

V 

o 

V 

<u 

I — I 

3 

"O 

(13 

x: 

o 

CQ 


P 

P 

3 

X! 

CQ 

<1> 

O 

cd 

a, 

CQ 

03 

x: 

4-3 

c 

o 

c 

o 


03 

■o 


8 

p 

CQ 

>> 

CQ 

'O 

c 

cd 

CQ 

o 


4-3 

cd 
£ 
X 
O 
- <in 

s c 


>> 

V 

cd 

c 


m ** 
•o V 


03 V 
V 03 

a x: 

4-3 


0) 

X! 

4-> 

CQ 

* 

O 

x: 

CQ 


03 
X, 

3 *H 
b0 *o 
♦h o 


T3 

03 

x: 

o 

cd 

4-3 

4-3 

Cd 

03 

x: 

H 


3 
O 

5 rH 
V 

0) 

X 4-3 
Cd CQ 

•o -h 
X V. 

cd 

x: 03 
x: 
V> h 
CQ 

cd 

s . 

ON 
03 GO 
X ON 
4-3 

I 

- T3 

•O «rH 

03 S 

C 

C C 

Cd -rH 


cd 

4-3 

X> 

o 

CQ 

o 

•«H 

E 

cd 

c 

>> 

•o 

8 

4-3 

CQ 

>, 

CQ 

03 

x: 

4-3 

Vi 

o 

03 

to 

•a 

0) 

rH 

:* 

o 

c 


03 

2 > 
3 2 
o a 
s s 

•H 

P 

x: a> 
bo x: 

P 


SC 

S o 

o 

03 


o 

03 

b0 

cd 

4-3 

c 


>> *0 
— i >> <D 


CQ 


S§ 

*- C 
3 O 
O C3 


CQ Cd 

3 > 

9 a) ■§ 
* sz <* 

■U ^ bO 
£ C 
bO -rH 
»H • 2* 
rH CQ Cd 

V P P 

^ g - 

CQ cs 03 

V “ V 
•h T 4 cd 
v Jr :* 

03 *o 

03 a ^ 

x: x cd 
h 03 x: 


43 



CONTROL OF FLEXIBLE STRUCTURES 
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GUEST INVESTIGATOR PROGRAM 
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• BROAD BASE FOR ADVANCED CSI METHODOLOGIES 

• DISSEMINATION OF PROGRAM DATA & FINDINGS WITHIN 

CSI COMMUNITY 

• IN-SPACE RESEARCH AWARENESS 




GUEST INVESTIGATOR OPPORTUNITIES 


j-> <D <0 : 
O H H ’ 
C jO CO 

03 & ■ 
(D n O, 

t* -S a 

* ®g. 

m ^ a. « 

Q) O 
•H <0 L, 

*D O 

3 <p Q-i 
-P jO 
CO rH 


>» <C 
C *H 

o a> 

4-> J* • 
O *H <D 
Du H L 


• CO -O 
(DOC. 

c 6 as 
d x: 

b0 <D 
-4 C *0 
C fU Q) 


<4H CO CD 
•H HQ H 
I i— I O 
aj cx *h 

3 O CO 

cr c co 
a o 
a> o. 

O <D 
aj co (0 
CX <D to 
co x: 

H rH 

to rH 
C <D 

*H • 

too VO 
coo n 

(0 CT> (0 

x: *- 

o 

- CO 
C CTV <D 
•H CO > 
•H 

*a 4-> 4-> 

CD co o 

> 3 <D 

rH toO i-j 

OCX 

> < o 


to x: 

•H 

c 

TO 

x> 

<D o 


o 

c 


> ‘H 

4-> 


CO 

iH 

c x: 

O 

<D 


(0 

•H 5 

(0 

3 

(D 

3 


Ou -O 

£- 

TD 

4-> CO 

B 



•H 

CO (D 

•H 

CO 

•P 

> 

<D -H 


1 — 1 

to 

•H 

3 -o 

Q> 

to 

c 

T3 

toO C5 

«H 

to 


C 

4-> 


o 


•H 

rH CO 

•o 

a 

•rH 


co 

<D 

o 

<D 

C 

o 

x: 


r* 

to 

•rH • 

o 

a 

Ah 


a, co 

co 



c 

>» a) 


« — i 


o 

4-> *rH 

•a 

(0 

$-H 



c 

c 

o 

•a 

t , T 1 

to 

•*H 


a> 


47 



GUEST INVESTIGATOR OPPORTUNITIES 

(TYPICAL) 
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COFS I GUEST INVESTIGATOR (GI) PROGRAM 
PROPOSAL EVALUATION CRITERIA 
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COFS I GUEST INVESTIGATOR PROGRAM 
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4. INVESTIGATOR/ORGANIZATION EXPERIENCE 
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LY BE AFFECTED BY RECENT 10-MONTH SLIP OF LAUNCH 
TE TO OCTOBER 1990. 



flight experiment apparatus for the in-orbit study of structural dynamics and control issues is being 


CQ 

G 

O 

P 

3 

P 

o 


CD cd 
P 


O 

P 


CQ 


*0 
CD 

cd o o 
cd <d 
cq 
co 
cd 
E 
1 

o 
o 

G 

cx cq 

<D CQ 
*D P 

bO S 
a 


to CQ 

C cd 

•rH Q) 

CD L 

.2 H 

^ Cd 

>, « 
p 


CQ O 
Cd p 


(0 

p 

c 


•o 

<D ^ 
c 73 

§> 5 

•M fo 


P -m 
G 
3 

s 

E 
O 
O 


*0 

CD 


CD 

co a 
cd cx 
o 

C *— 1 
O <D 
> 
<i> 

g « 

•h , 

■<-> z. 

<n « 

(D O 

•rH 

G P 


P <m 

O *rH 

G o 
cd <D 
a) a cd >» 


3 


CD 

P 


G 
P 
CQ CQ 


P M 

4-5 

•rH 

5 • 

CQ 

E - 
cd o 
<D CT» 
p a> 

1 «- 

CQ 

CQ >> 
3 rH 
G G 
p cd 


CD 


G 

CD 

CX 

X 

CD 

C 

O 

•rH 

CQ 

CQ 

CD 

G 

a 

a 

3 

CQ 

G 

O 

■«H 

P 

cd 


CQ CQ 
CD 

G <m 
O 


CQ 
G 
CD Cd 
P 

S ' 

E 


X 

CQ CD 


CQ 


CD CD 
E *H 

•H P 


P rH 
CD Cd 
E C 
cd cd 
G 

Cd rH 
Cx cd 
O 

■a -h 

c p 

Cd *H 

G 

c o 

bO 

•rH Cm 
CQ O 
CD 

•a C 
O 

E *H 
P P 
p cd 
•h a 

G **H 
O <M 

bO *H 
rH G 


p 

p 

G 

G 

•H 


> 


cd 

p 

P 

CD 

c 

rH 



>» 


•H 

CX 

3 

0 

G 


O 

c 

> 

X 

P 

G 

O 


rH 

H 


CD 

G 

P 

\ 


a 


CD 


O 

c 

*0 


CD 

CD 

> 

CQ 

CX 

0 

c 



«H 

•rH 

cd 

CX 

0 

cd 

• 


P 

P 


0 



>» 

bO P 

O 

G 


* 

c 

•O 

c 

3 

cd 

O 


CQ 

0 

cd 

0 

P 


•H 

* 

0 ) 

•H 

CD 

• — 1 

CQ 

XJ 

P 

E 

3 

P 

G 

1 


c 

cd 

cd 

cr 

cd 


I 

CD 

cd 

cx 

G 

■rH 

•o 

P 

0 

O 


•rH 

bO 

c 

•rH 

P 

vO 

cd 

G 

O 

O 

p 

rH 

bO 


p, 

0 

•H 

G 

0 

cd 

tH 

cd 

fA 

•H 

P 

a 

CD 

> 

1 — 1 


VJ 

p 

G 


P 


<M 

» 


cd 

CO 

G 


CD 


CQ 

CD 

0 

CU 

0 

P 

P 

•o 

3 

P 

•rH 


p 

CQ 

P 

CD 

p 

P 

<M 


cd 

CD 


G 

co 


•rH 

• 

b 0 p 

CQ 

CD 


G *0 

5 ^ 

g Cd 

6 o 


E -r* 


CQ 


P 

H 


P 

O 

cd 

G 

P 

G 

O 

a 

G 

CD 

•o 


3 

P 


C § 
o p 

CQ 

P >> 
P CQ 
bO 

Ih 

^ -H 

f E 

G «j 

0 G 
Cm >» 
TD 

•o 

<D r — I 
G dJ 
C ^ 

-3 

rj o 

CX 3 
G 

CQ p 
•H CQ 


tt) CD 
O > 
G C 

a m 

p p 

CQ CQ 
CD CD 
P 3 

a 

■o 

c cd 

3 

O G 
G *H 
bO 

CD 

CD rH 
> p 

•H Cd 
CQ rH 
C *H 

cd cd 
p > 
<D cd 
G 

CU CD 
E -O 
o cd 

a s 


•H XJ 
•H 

> rH CQ 
Cd C 

o o 

bo O 

CD CD 
P P 
cd 

S >» 

•H CO 

p s 


3 >> 
CD 

CD P 
P P 
H 

P 
cd 
• P 
CQ P 
bO G 
C £ 
i c 
£ P -H 

^00 
Z, a 

O c CD 
G cd P 
•h S P 


55 


SUMMARY 


h4 

< 

Oqq 

co h 4 
HC 

2 ° 


W fa 
20 

S 22 „ 

Sm 2 

o ><;3 
o -J os 

h 7 U 

h<« 

Zq 0, 

MgW 

2^0 
W CO M 

o-ga 

xhh 

W HqS 

hkS 

iU 


CO 

w 

tf 

P CO 

h H 

Pu> 

2 CO 
Ph CO 

H M 

CO fa4 


OR 

$8 

wg 

co 2 

w < 

05 . 
tfO 

g§ 

-42 

£q 

W h 4 
>< 
CO 2* 

ag 

qH 
tr* O 
>D 
O os 

gSH 

CL* CO 


Q 

&4 

H 

d. 

w 

Ur. 

^2 

^ w 

2 s 

§2 

3 m 

co S 

fa O 

*<o 

gQ 

£3 

O < 

g* 

2 M 

O co 

HD 

<JQ 

0 £ 

H MH - 

coco 
W g 

>.H 

§53 

h§ 

a> 

O 5 

og 


56 


